In the ethylene glycol terephthalate (EGT) polycondensation process, the reaction product removal rate affects the progress of the reaction, because the polycondensation rate of poly (ethylene terephthalate) (PET) is slow and its equilibrium constant is small. In order to study the rate of this reaction separately from that of product removal, the main reactions which lead to the formation of PET, the side reactions which result in polymer degradation and influence the reaction product removal rate under reduced pressure are considered in this paper.
Using an open system experimental apparatus, the relation between time and degree of polymerization is investigated. Polycondensation process experiments were carried out under
The number-average degree of polymerization is calculated from the relative and intrinsic vis-
The rate of polycondensation reaction was then calculated using a computer and the frequency factor, which is a function of catalyst concentration, and activation energy were investigated.
These values are of great asset in the understanding of polycondensation reactions.
Introduction
Plants with a production capacity of 60t/day of poly(ethylene terephthalate) (PET) have already been constructed, and plants of still larger production capacity can be constructed, but the construction costs are prohibitive now. Thus, before a large, viable PET plant can be constructed, the polycondensation reaction rate, which is a function of temperature, nature and concentration of the catalyst, must more accurately be determined. However, because the polycondensation rate of PET is slow and its equilibrium constant is small, and because the reaction product removal rate, or the diffusion mass transfer rate, affects the progress of the reaction, no investigator have been able to cope with these problems under industrial conditions yet. In order to calculate the rate constant of polycondensation reaction from the experimental results, the influence of mass transfer must be taken into account by use of a combined model of chemical reaction and mass transfer. The diffusion rate of the reaction products is expressed as a function of the configuration of the reactor, the mixing element, the surface area of diffusion, the viscosity of reaction mixture and others.
Challa7) calculated the rate of polycondensation reaction at temperatures where the degradation reactions did not exist in a closed system. Kobayashi3) and Tomita5) calculated the rates in an open system, but taking into account the degradation reactions, however, their experimental conditions were steady thin film state. Pell4) calculated the reaction rate and the diffusion rate of the reaction product in thin film state in an open system, but the degradation reactions were not considered.
Accordingly, the results they obtained were not of sufficient accuracy to warrant their use under industrial conditions.
In this paper, experiments of PET polycondensation reaction were carried out, with continuous stirring, in an open system in a stainless steel batch reactor in the pressure of a Sb2O3 catalyst and a stabilizer, (C6H5O)3PO, and the rate of polycondensation was more rigorously calculated by taking into account of the diffusion rate of the reaction products and the degradation reactions in a simulated polycondensation process.
Experimental

Apparatus and Procedure
The PET polycondensation experimental apparatus used is shown in Fig. 1 shows that the effect of the catalyst was larger than that of the temperature.
Caluculation of Reaction Rate
From available information8),9), the chemical reaction of PET including the degradation reactions, can be written as follows:
Main reaction
Side reaction Diffusion of the reaction product Equation (6) has already been investigated and confirmed in batch and continuous process applications in small and large scale plants. The details will be mentioned elsewhere6). Reactions (1), (2) and (5) are second-order and (3) and (4) are first-order reactions. The terminal-vinyl group of Eq. (4) behaves like an ethyl-ester end-group of Eq. (1), so that a model of the reaction rate of an ethyl-ester end-group can be constructed as in the following equation. This value of Eq. (10) lies between the values obtained by Tomita5) and Kobayashi3), because in this study, the rate constant of polycondensation reaction was calculated by separating the diffusion rate from the reaction products.
Using Eqs. According to Arrhenius's equation, the rate of polycondensation reaction was represented, using Eqs. (9), (10), (11) and (12), by 
